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Abstract
Emerging evidence relates some nutritional factors to depression risk. However, there is a scarcity of longitudinal
assessments on this relationship.
Objective: To evaluate the association between fatty acid intake or the use of culinary fats and depression incidence in a
Mediterranean population.
Material and Methods: Prospective cohort study (1999–2010) of 12,059 Spanish university graduates (mean age: 37.5 years)
initially free of depression with permanently open enrolment. At baseline, a 136-item validated food frequency
questionnaire was used to estimate the intake of fatty acids (saturated fatty acids (SFA), polyunsaturated fatty acids (PUFA),
trans unsaturated fatty acids (TFA) and monounsaturated fatty acids (MUFA) and culinary fats (olive oil, seed oils, butter and
margarine) During follow-up participants were classified as incident cases of depression if they reported a new clinical
diagnosis of depression by a physician and/or initiated the use of antidepressant drugs. Cox regression models were used to
calculate Hazard Ratios (HR) of incident depression and their 95% confidence intervals (CI) for successive quintiles of fats.
Results: During follow-up (median: 6.1 years), 657 new cases of depression were identified. Multivariable-adjusted HR (95%
CI) for depression incidence across successive quintiles of TFA intake were: 1 (ref), 1.08 (0.82–1.43), 1.17 (0.88–1.53), 1.28
(0.97–1.68), 1.42 (1.09–1.84) with a significant dose-response relationship (p for trend=0.003). Results did not substantially
change after adjusting for potential lifestyle or dietary confounders, including adherence to a Mediterranean Dietary
Pattern. On the other hand, an inverse and significant dose-response relationship was obtained for MUFA (p for trend=0.05)
and PUFA (p for trend=0.03) intake.
Conclusions: A detrimental relationship was found between TFA intake and depression risk, whereas weak inverse
associations were found for MUFA, PUFA and olive oil. These findings suggest that cardiovascular disease and depression
may share some common nutritional determinants related to subtypes of fat intake.
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Introduction
Depression affects about 151 million people worldwide [1]. In
2004, unipolar depression was the third leading cause of Disability
Adjusted Life Years (DALY’s) in the world and the main cause in
middle and high income countries [1].
Wide variations exist in the prevalence of depression across
countries, suggesting that disparities in the distribution of several
risk factors may determine this heterogeneity [2]. Between-country
differences in food habits could account for these differences.
Epidemiological evidence is accruing in recent years to support a
relationship between improved nutrition and better mental health
[3–7]. Many biological mechanisms give support also to this
relationship [8–11]. Surprisingly, in spite of the high prevalence of
mental disorders, little etiological longitudinal research has been
conducted to assess the relationship between nutrition and
depressive disorders [3,4,12].
Rising secular trends in the incidence of depressive disorders
have been paralleled by a dramatic change in the sources of fat in
the Western diet. This change mainly consists in the replacement
of polyunsaturated (PUFA) or monounsaturated fatty acids
(MUFA) by saturated fats (SFA) and trans-unsaturated fats
(TFA) [11]. In consistency with this trend, the so-called ‘‘Western’’
food pattern (rich in SFA and TFA and common in Northern
Europe and USA) has been reported as a relevant risk factor for
depression [13,14].
Suicide rates and lifetime prevalence of mental disorders in
Europe show higher levels in Northern countries and the
lowest levels in Southern Mediterranean countries [15,16].
Although recent trends point towards a progressive narrowing
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Southern European countries differ mainly in the consumption
of two food items: olive oil and pulses, with very high
consumption in Southern Europe [17]. In a previous report
by our group, a higher adherence to the Mediterranean food
pattern (rich in legumes, fruits, vegetables, fish and cereals, but
low in meat and dairy products, and followed in Southern
Europe) was found to be inversely associated with the risk of
depression [18].
However, beyond adherence to an overall dietary pattern, little
is known about the effect of specific types of major fat sources on
depression risk. Usually, PUFA [19] and olive oil (OO) [20–22]
have been considered as healthy lipids because they reduce the
incidence of cardiovascular disease (CVD). Contrarily, SFA and,
specially, TFA are known risk factors for CVD [23]. There are
some reasons to expect that CVD and depression might share
some common determinants [24]. However, excepting for fish oils
or omega-3 (n-3) fatty acids, the influence of other fat subtypes on
depression risk has received only little attention. In trials using fish
oils for the treatment of depression, mood scores improved
significantly for both the fish oil group and the control group who
received OO [25]. A possible explanation was that both fish and
OO, or simply an increased fat intake, were equally effective
against depressive symptoms, because low fat diets may adversely
affect mood [9,26].
The aim of our study was to assess the role of dietary fat and fat
subtypes on depression occurrence in a Mediterranean prospective
cohort. To our knowledge, only a recent case-control study [27]
and two previous smaller cohorts [28,29] have analyzed the
association between fat subtypes and depression risk. Both
previous cohorts reported inverse associations with OO or oleic
acid.
Materials and Methods
Subjects
The ‘‘Seguimiento Universidad de Navarra’’ (SUN) Project is a
dynamic cohort study including only university graduates initiated
in December 1999 in Spain and patterned after the models of the
Nurses Health Study and the Health Professionals Follow-up
Study [23]. Its methods have been previously described elsewhere
[30,31]. Information is gathered biennially by mailed question-
naires. Up to August 2007, 18,004 subjects had completed the
baseline questionnaire. Subjects lost to follow up (n=1,762), with
energy intake out of predefined limits (,800 Kcal/day or .4,000
Kcal/day in men and ,500 Kcal/day or .3,500 Kcal/day in
women) (n=1,556), with a history of cancer or cardiovascular
disease at baseline (n=1,120), and users of antidepressant
medication or with depression at baseline (n=1,507), were
excluded. Finally 12,059 participants who had at least completed
Figure 1. Flow chart of participants. The SUN Project.
doi:10.1371/journal.pone.0016268.g001
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analyses (Figure 1).
The study was approved by the Institutional Review Board of
the University of Navarra. Written informed consent was not
requested to the participants. Voluntary completion of the first
questionnaire was considered to imply informed consent. Our
Institutional Review Board specifically approved this consent
process.
Exposure assessment
Dietary intake at baseline was assessed through a validated
semi-quantitative food-frequency questionnaire [32,33]. It showed
reasonably good validity for assessing fat intake (energy-adjusted
intraclass correlation coefficients for different types of fats versus
four 3-day food records ranged from 0.49 to 0.75) [33]. Nutrient
intakes were calculated using the latest available information
included in food composition tables for Spain. Adjustments of
nutrients were made for total energy intake by using the residuals
method [34]. The ratio n-3/n-6 was also computed [35].
Outcome assessment
A participant was defined as an incident case of depression if
he/she responded positively in a follow-up questionnaire to the
question: ‘Have you ever been diagnosed of depression by a
medical doctor?’ or who reported the habitual use of antidepres-
sant drugs in at least one of the follow-up questionnaires
completed after 2, 4, 6, 8 or 10 years. Antidepressant use was
ascertained though an open question in which the participants
reported their medication utilization.
A self-reported diagnosis of depression done by a physician has been
validated in a sub-sample of our cohort using the Structured Clinical
Interview for DSM-IV (SCID-I) as Gold Standard. The estimated
sensitivity and specificity were 0.37 and 0.96 respectively [36].
Covariate assessment
Information on medical, socio-demographic, anthropometric,
and life-style related variables were obtained from the baseline
questionnaire. Physical activity was assessed through a validated
physical activity questionnaire [37]. Adherence to the Mediterra-
nean Dietary Pattern (MDP) was assessed combining 8 items (fruits
and nuts, vegetables, fish, legumes, cereals, meat and meat
products, dairy and alcohol intake) [38]. To avoid overlapping
with our main exposure, we excluded the ratio MUFA/SFA item
from this score (the actual range in our study was from 0 to 8).
Statistics
Cox regression models were used to assess the relationship
between quintiles of total dietary fatty acids and culinary fats and
the incidence of depression using always the lowest quintile as
reference. Tests of linear trend across increasing quintiles were
conducted by assigning the medians to each quintile; this variable
was treated as continuous. The Cox model used age as the
underlying time variable. Birth date was used as the origin
variable, entry time was defined as age at recruitment. Exit time
was defined as age at diagnosis of depression for cases or age when
completing the last follow-up questionnaire or age at death
(whichever occurred first) for participants who did not develop
depression. We stratified the analyses by age (in 5-year intervals) to
control for calendar-period and birth cohort effects [39]. Other
potential confounders included in the multiple-adjusted model
were: sex, age, smoking, physical activity during leisure time, total
energy intake, and baseline body mass index (BMI). In separate
models, additional adjustments were made for adherence to the
MDP. We conducted sensitivity analyses, and repeated all the
analyses 1) after excluding early cases (in the two first years), 2)
after excluding late cases (after .8 years), 3) after excluding
participants reported taking antidepressant drugs but not a
physician diagnosis of depression.
Results
We assessed 5,038 men and 7,021 women. Mean age at
recruitment was 37.5 years (SD: 11.5). The main characteristics of
the study population according to extreme quintiles of dietary fat
intake are shown in Table 1.
Intakes of the different fat subtypes were positively correlated.
Intake of SFA was correlated with MUFA, PUFA and TFA
(Pearson correlation coefficients: 0.52, 0.15 and 0.73, respectively).
Total fat intake contributed for 36.7% of total energy intake.
MUFA was the major contributor to total energy intake (15.7%).
The lowest contribution was TFA (only 0.4%).
Overall, 657 incident cases of depression were identified during
the follow-up period with a total accrual of 68,694 person years.
Table S1 shows the association between fat intake and depression
risk. In multivariate-adjusted models, a significant inverse
association was found for the fifth vs. the first quintile of PUFA
intake with depression risk. Moreover, a significant inverse linear
trend was observed (p=0.031). In fully adjusted model, a
borderline significant inverse dose-response relationship was
observed for MUFA intake (p for trend=0.053). Contrarily,
TFA was associated with a higher risk. A substantial apparent
relative increment (48%) in depression risk was found for the fifth
vs. the first quintile of TFA, with a significant linear trend test
(p=0.003). After adjusting for adherence to the MDP, the
association remained statistically significant (p for trend=0.027).
Whereas butter consumption seemed to be associated with an
increased risk of depression, OO consumption was inversely
associated with depression risk (p for trend=0.030). Even after
adjusting for the adherence to the MDP, a borderline significant
inverse trend remained for OO (p=0.06) (Table 2).
Finally, no association was observed for n-3, n-6, n-3 from fish
or the ratio between n-3 vs n-6 fatty acids intake. Neither was
found for seed oils or margarine (data not shown).
Several sensitivity analyses were carried out to assess possible
sources of bias in the estimation of the association between TFA
intake and depression risk (Table 3). We repeated the analyses
after excluding cases of depression reported in the first 2 years of
follow up (n=257) and the magnitude of the association for the
fifth vs. first quintile of intake was even stronger. After the
exclusion of cases reported after more than 8 years of follow-up
(n=54) or cases defined only by antidepressant use (n=174), the
association between TFA intake and depression risk remained of
similar magnitude of effect (relative reduction in risk around 25–
30%) though the conventional level of statistical significance was
lost in some models.
Discussion
A direct potentially harmful association of TFA intake with the
risk of depression was found in this Mediterranean cohort. The
magnitude of this association was robust and persisted after several
degrees of control for confounding and several sensitivity analyses.
We also showed an inverse dose-response relationship for total
PUFA and MUFA intake. An inverse association between olive oil
consumption and depression was also found, although this
relationship was attenuated after adjustment for the adherence
to a Mediterranean Dietary Pattern.
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such a broad spectrum of fat subtypes in relation to depression
risk. In consistency with our results, two previous smaller cohort
studies reported inverse associations between OO or oleic acid
intake and depressive symptoms or depression risk [28,29]. The
positive association for PUFA intake reported in those cohorts was
weak and might be related to methodological issues. The first
cohort [28] did not use clinical depression as outcome, but only
assessed changes in a 15-point geriatric depression scale. The other
cohort [29] had a relatively small sample size, high attrition rates
and used a dietary assessment method (a 24-hour dietary recall),
which is not considered the most adequate tool to assess usual
diets.
Low-grade inflammatory status is frequently present among
depressive patients [40,41]. Pro-inflammatory cytokines may
interfere with neurotransmitter metabolism, decrease plasma
tryptophan level, alter neurotransmitter messenger RNA, and
inhibit Brain-Derived-Neurotrophic-Factor (BDNF) expression
[42,43]. BDNF is a peptide critical for axonal growth, neuronal
survival, and synaptic plasticity and function. BDNF levels have
been reported to be reduced in patients with depression, and
antidepressants seem to up-regulate BDNF and other neurotroph-
ic and growth factors [44]. Neuroprotection is thought to be partly
mediated by endothelial-produced BDNF [45]. A profile of
fat subtypes that can promote a better endothelial function is
thought to protect against neuropsychological disorders, including
depression.
Our findings suggest that TFA intake, a well known risk factor
for CVD, might have also a detrimental effect on depression.
Depression and CVD seem to share some common mechanisms
Table 2. Association between culinary fats consumption (quintiles: Q1 to Q5) and depression*.
Olive oil intake (g/d) (%){ 2.8 (1.2) 7.3 (2.9) 11.0 (4.1) 20.6 (7.2) 28.0 (12.1)
cases/person-years 143/13,933 126/13,788 137/13,619 118/13,867 133/13,486
Crude rates/10
3{ 10.3 (8.7–12.1) 9.1 (7.7–10.9) 10.1 (8.5–11.9) 8.5 (7.1–10.2) 9.9 (8.3–11.7)
Multivariate-adjusted model (1) 1 (ref) 0.77 (0.60–1.00) 0.85 (0.65–1.10) 0.64 (0.49–0.84) 0.78 (0.60–1.01) 0.030
Additionally adjusted for MDP (2) 1 (ref) 0.78 (0.60–1.01) 0.87 (0.68–1.13) 0.66 (0.51–0.86) 0.80 (0.62–1.04) 0.060
Butter intake (g/d) (%){ 0 (0) 0.2 (0.1) 0.5 (0.1) 1.0 (0.4) 4.0 (1.3)
cases/person-years 128/13,976 124/13,569 132/13,510 130/13,625 143/14,014
Crude rates/10
3{ 9.2 (7.7–10.9) 9.1 (7.7–10.9) 9.8 (8.2–11.6) 9.5 (8.0–11.3) 10.2 (8.7–12.0)
Multivariate-adjusted model (1) 1 (ref) 1.07 (0.81–1.42) 1.23 (0.92–1.64) 1.16 (0.87–1.54) 1.30 (1.00–1.70) 0.076
Additionally adjusted for MDP (2) 1 (ref) 1.08 (0.81–1.42) 1.22 (0.92–1.63) 1.15 (0.86–1.53) 1.27 (0.97–1.67) 0.125
The SUN cohort 1999–2010.
doi:10.1371/journal.pone.0016268.t002
Table 1. Baseline characteristics according to extreme quintiles of olive oil consumption and specific types of fat intake, mean
(SD).
Characteristic OO PUFA TFA
Q1 Q5 Q1 Q5 Q1 Q5
Sex (% men) 59.9 26.0 40.7 43.7 40.1 45.5
Age at baseline (y) 37 (12) 38 (11) 38 (12) 36 (11) 40 (12) 35 (11)
BMI (kg/m2) 24 (3) 23 (4) 23 (3) 23 (4) 24 (4) 23 (3)
Smoking:
Ex smoker (%) 26.6 35.0 30.4 25.1 35.0 23.4
Current (%) 21.6 23.4 20.6 24.9 19.5 24.0
Marital status (% married) 46.4 54.9 54.0 46.9 54.4 43.8
Unemployed (%) 4.3 5.1 3.9 5.3 3.9 4.4
Leisure time physical activity (Mets-h/w) 28 (26) 23 (20) 27 (26) 23 (21) 27 (25) 24 (22)
Total energy intake (Kcal/d) 2686 (595) 2267 (509) 2616 (534) 2517 (615) 2607 (565) 2495 (574)
Mediterranean Dietary Pattern (0–8) 3.6 (1.6) 4.1 (1.6) 4.3 (1.5) 3.4 (1.6) 4.9 (1.4) 2.9 (1.5)
Total fat intake* 34.7 (6.3) 40.7 (6.8) 31.6 (6.0) 40.8 (5.8) 32.8 (6.9) 40.2 (5.4)
Saturated fat intake* 13.0 (3.3) 12.1 (3.0) 11.5 (3.4) 13.0 (3.0) 9.5 (2.4) 15.7 (2.9)
Monounsaturated fat intake* 13.6 (2.8) 19.8 (3.9) 13.2 (3.0) 17.4 (3.9) 14.4 (4.1) 16.9 (3.1)
Polyunsaturated fat intake* 5.4 (1.7) 5.4 (1.6) 3.5 (0.6) 7.6 (1.3) 5.1 (1.7) 5.3 (1.5)
Trans unsaturated fat intake* 0.4 (0.2) 0.3 (0.2) 0.3 (0.2) 0.4 (0.2) 0.2 (0.1) 0.6 (0.2)
OO: Olive oil; PUFA: Polyunsaturated fatty acids; TFA: Trans unsaturated fatty acids.
*Percentage of total energy intake.
doi:10.1371/journal.pone.0016268.t001
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of TFA on CVD are thought to be mediated by increases in
plasma concentrations of LDL-cholesterol, reductions in HDL-
cholesterol, pro-inflammatory changes, endothelial dysfunction,
and possibly by insulin resistance and displacement of essential
fatty acids from membranes [48,49]. Thus, since depression is
associated with modifications in proinflammatory cytokines and
also with endothelial cell signaling cascades alteration [50]
(endothelium is responsible for the synthesis and secretion of
BDNF [45,51]), some detrimental biological modifications
caused by TFA with respect to CVD risk could also be
responsible for a harmful effect of TFA on depression risk. To
our knowledge, the association between TFA and depression risk
had not been reported before. Our results support a relationship
between fat subtypes and depression which may parallel the well
known effects of the quality of lipid intake on CVD risk [23].
The present analysis was carried out among a sample in which
TFA intake was fairly low and where the two main sources of
TFA intake were natural foods (cheese and whole-fat milk
accounting both for 60% of the variability in total TFA intake,
R
2=0.60). In spite of the low absolute average intake of TFA in
this cohort (TFA contributed only for a very small percentage of
total energy, approximately only 0.4%) a substantial relative
increment (48%) in depression risk was found for the highest
category of intake. So, the repercussion of these results might be
really important in other settings such as the American
population where TFA intake is by far higher (up to 2.5% of
total energy intake) [52,53] and in which the main sources of
TFA are artificial foods [54].
On the other hand, OO contains some bioactive polyphenols
with important anti-inflammatory properties [55]. The anti-
inflammatory capacity of OO could improve the function of the
endothelium [56–58]. Moreover, the antioxidant actions of extra
virgin OO components such as tyrosol are capable to restore the
intracellular antioxidant defences [59] decreased among depres-
sive patients. In fact, oxidative stress is associated to this pathology
[60]. Oleic acid represents approximately 72 percent of OO [55].
From oleic acid, the lipid oleamide can be biosynthesized.
Oleamide has important actions related to mood disorders, such
as the induction of sleep [61]. It also plays a role in the
maintenance of the physicochemical properties of membranes via
its ability to increase the delta-9 desaturase enzyme activity and
thus improving the binding of serotonin to its receptors [26,62].
Adherence to the MDP has been associated with lower
depression risk in a shorter follow-up of this cohort including
only 480 incident cases [18]. It could be thought that an elevated
adherence to the MDP among high OO users may at least
partially explain some of our results. Although some potential
overlaps between these results and those published before by our
cohort could have occurred, we do not consider this possibility as
probable, because we did not use at all TFA or olive oil as part of
the definition of MDP in our previous report. Moreover, only
small changes in the results were observed when the analyses were
adjusted for adherence to the MDP. The adjustment for the
adherence to this dietary pattern strengthens our results as we
were able to independently assess the contribution of particular
lipids to depression risk.
Unlike OO, butter, seed oils and margarine consumption was
very low in this population, resulting in low between-subject
variability and this lower consumption might contribute to explain
that no associations were found for them.
The lack of association between n-3, n-6, n-3 from fish and
depression risk, or between the ratio n-3:n-6 and depression risk in
our cohort has also been documented in recent literature
downplaying the importance of these fat subtypes or their ratio
on depression [63,64].
The dietary data analyzed in our study were exclusively those
assessed at baseline (one time point only). The nature of this
information imposed some constraints on the level of analysis that
we could accomplish. We acknowledge that we did not account for
any variation in dietary intake during the follow-up period.
Further studies are needed to complete this assessment using
repeated measurements of diet. Other potential limitations of our
study need to be addressed, such as the self-reporting of a clinical
diagnosis or the use of medication to define an incident case of
depression. However, since participants were highly educated and
committed to collaborate, we assumed that the proportion of
misreporting the diagnosis would be low. Our validation study
found very high specificity (0.96) for the self-reported diagnosis of
depression. Theoretically, with perfect specificity, even when non-
differential misclassification of disease because of low sensitivity
exists, this will not bias the relative risk estimate [65]. Although the
Table 3. Sensitivity analysis for the association between the several dietary fats intake (quintiles) and depression.*
Trans unsaturated fat intake Q1 Q2 Q3 Q4 Q5 P for trend
Excluding early cases (n=11,802; cases=400)
Multivariate-adjusted (1)
Additionally adjusted for MDP (2)
1 (ref)
1 (ref)
1.37 (0.93–2.00)
1.36 (0.92–1.99)
1.56 (1.07–2.26)
1.54 (1.05–2.24)
1.67 (1.15–2.41)
1.64 (1.12–2.39)
1.86 (1.30–2.66)
1.81 (1.24–2.65)
0.001
0.003
Excluding late cases (n=12,005; cases=603)
Multivariate-adjusted (1)
Additionally adjusted for MDP (2)
1 (ref)
1 (ref)
1.06 (0.80–1.41)
1.04 (0.78–1.38)
1.07 (0.80–1.42)
1.03 (0.77–1.38)
1.21 (0.92–1.60)
1.16 (0.87–1.55)
1.33 (1.01–1.74)
1.25 (0.93–1.67)
0.02
0.09
Excluding only antidepressant users (n=11,885;
cases=483)
Multivariate-adjusted (1)
Additionally adjusted for MDP (2)
1 (ref)
1 (ref)
1.11 (0.80–1.53)
1.09 (0.79–1.51)
1.14 (0.83–1.57)
1.12 (0.81–1.55)
1.19 (0.87–1.63)
1.16 (0.83–1.60)
1.33 (0.98–1.81)
1.28 (0.92–1.78)
0.06
0.13
TFA: Trans unsaturated fatty acids; MDP: Mediterranean Dietary Pattern.
*Hazard ratios estimated with Cox Regression and 95% confidence interval (95% CI) If the confidence interval does not include 1.00, the results are statistically
significant (two-tailed p,0.05).
(1): Model 1 additionally adjusted for smoking (non, former, current smoker and missing value), leisure time physical activity (in quintiles of MET score), total energy
intake (Kcal/day), and BMI (Kg/m
2).
(2): Model 2: Model 1 additionally adjusted for adherence to the Mediterranean Dietary Pattern (excluding SFA/MUFA ratio).
doi:10.1371/journal.pone.0016268.t003
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been extensively evaluated, some degree of misclassification may
exist in the dietary assessment and over- or under-estimation of
true intake could have biased the estimates. However, being the
miss-classification most probably non-differential, the bias will be
probably towards the null. More importantly, participants with
sub-clinical depression at baseline might have changed their food
habits because of their mood disorder. But we believe that it is not
likely that reverse causality could have biased our results because
the exclusion of cases diagnosed during the first two years even
strengthened the magnitude of the observed association. On the
other hand, diet was collected at baseline and some of the cases of
depression were reported after 10 years of follow-up. For that
reason, the induction period for diet effect might be shorter than
the time of follow-up of these late cases. Nevertheless, the
exclusion of cases diagnosed after 8 or 10 years did not
substantially change the magnitude of the association.
Several strengths of our study also deserve to be mentioned,
such as its large sample size, its prospective design, the high
retention rate in a long-term follow-up, the multiple adjustments of
our estimates for potential confounders, the existence of published
validation studies of our methods, and the population of highly
educated participants who are able to provide information of high
quality.
In conclusion, our results showed a protection of cardioprotec-
tive fats (PUFA and MUFA) and a detrimental effect of TFA on
depression risk. However, our findings need to be confirmed by
further prospective studies and by trials.
Supporting Information
Table S1 MDP: Mediterranean Dietary Pattern. * Hazard
ratios estimated with Cox Regression and 95% confidence interval
(95% CI) If the confidence interval does not include 1.00, the
results are statistically significant (two-tailed p,0.05). { energy
adjusted median intake and percentage of total energy intake.
{ Crude rates and 95% confidence intervals. (1) Model 1: adjusted
for: sex, age (years), smoking (non, former, current smoker and
missing value), leisure time physical activity (in quintiles of MET
score), total energy intake (Kcal/day), and BMI (Kg/m
2). (2)
Model 2: Model 1 additionally adjusted for adherence to the
Mediterranean Dietary Pattern (excluding SFA/MUFA ratio).
(DOC)
Acknowledgments
We are indebted to the participants of the SUN Study for their continued
cooperation and participation. We thank to other members of the SUN
Group: Alonso A, Basterra-Gortari FJ, Benito S, Bes-Rastrollo M, Beunza
JJ, de la Fuente-Arrillaga C, Delgado-Rodriguez M, Doreste J, Guillen-
Grima F, Henrı ´quez P, Krafka J, Lahortiga F, Llorca J, Lopez del Burgo
C, Marti A, Martinez JA, Nun ˜ez-Cordoba JM, Ortun ˜o F, Pimenta AM,
Pla J, Sanchez D, Segui-Gomez M, Serrano-Martı ´nez M, Schlatter J, and
Vazquez Z.
Author Contributions
Conceived and designed the experiments: AS-V MAM-G. Performed the
experiments: AS-V LV. Analyzed the data: AS-V LV ET. Wrote the
paper: AS-V LV. Revised the manuscript: JDI MR-C LS-M.
References
1. World Health Organization (WHO) (2008) The global burden of disease 2004
update. Geneva, Switzerland: World Health Organization.
2. Weissman MM, Bland RC, Canino GJ, Faravelli C, Greenwald S, et al. (1996)
Cross-national epidemiology of major depression and bipolar disorder. JAMA
276: 293–299.
3. Freeman MP (2010) Nutrition and Psychiatry. Am J Psychiatry 167: 244–247.
4. Soh N, Walter G, Baur L, Collins C (2009) Nutrition, mood and behaviour: a
review. Acta Neuropsychiatrica 21: 214–227.
5. Appleton KM, Rogers PJ, Ness AR (2010) Updated systematic review and meta-
analysis of the effects of n-3 long-chain polyunsaturated fatty acids on depressed
mood. Am J Clin Nutr 91: 757–770.
6. Skarupski KA, Tangney C, Li H, Ouyang B, Evans DA, et al. (2010)
Longitudinal association of vitamin B-6, folate, and vitamin B-12 with
depressive symptoms among older adults over time. Am J Clin Nutr 92:
330–335.
7. Gilbody S, Lightfoot T, Sheldon T (2007) Is low folate a risk factor for
depression? A meta-analysis and exploration of heterogeneity. J Epidemiol
Community Health 61: 631–637.
8. Bourre JM (2006) Effects of nutrients (in food) on the structure and function of
the nervous system: update on dietary requirements for brain. Part 1:
micronutrients. J Nutr Health Aging 10: 377–385.
9. Bourre JM (2006) Effects of nutrients (in food) on the structure and function of
the nervous system: update on dietary requirements for brain. Part 2:
macronutrients. J Nutr Health Aging 10: 386–399.
10. Gomez-Pinilla F (2008) Brain foods: the effects of nutrients on brain function.
Nat Rev Neurosci 9: 568–578.
11. Pawels EK, Volterrani D (2008) Fatty acid facts, Part I. Essential fatty acids as
treatment for depression, or food for mood? Drug News Perspect 21: 446–451.
12. Payne ME (2010) Nutrition and late-life depression: etiological considerations.
Aging health 6: 133–143.
13. Akbaraly TN, Brunner EJ, Ferrie JE, Marmot MG, Kivimaki M, et al. (2009)
Dietary pattern and depressive symptoms in middle age. Br J Psychiatry 195:
408–413.
14. Jacka FN, Pasco JA, Mykletun A, Williams LJ, Hodge AM, et al. (2010)
Association of western and traditional diets with depression and anxiety in
women. Am J Psychiatry 167: 305–311.
15. Kovess-Masfety V, Alonso J, Brugha TS, Angermeyer MC, Haro JM, et al.
(2007) Differences in Lifetime Use of Services for Mental Health Problems in Six
European Countries. Psychiatr Serv 58: 213–220.
16. Chishti P, Stone DH, Corcoran P, Williamson E, Petridou E (2003) Suicide
mortality in the European Union. Eur J Public Health 13: 108–114.
17. Naska A, Fouskakis D, Oikonomou E, Almeida MD, Berg MA, et al. (2006)
Dietary patterns and their socio-demographic determinants in 10 European
countries: Data from the DAFNE databank. Eur J Clin Nutr 60: 181–190.
18. Sa ´nchez-Villegas A, Delgado-Rodrı ´guez M, Alonso A, Schlatter J, Lahortiga F,
et al. (2009) Association of the Mediterranean dietary pattern with the incidence
of depression: the Seguimiento Universidad de Navarra/University of Navarra
follow-up (SUN) cohort Arch Gen Psychiatry 66: 1090–1098.
19. Mozaffarian D, Micha R, Wallace S (2010) Effects on coronary heart disease of
increasing polyunsaturated fat in place of saturated fat: a systematic review and
meta-analysis of randomized controlled trials. PLoS Med 7: e1000252.
20. Ferna ´ n d e z - J a r n eE ,M a r t ı ´nez-Losa E, Prado-Santamarı ´aM ,B r u g a r o l a s -
Brufau C, Serrano-Martı ´nez M, et al. (2002) Risk of first non-fatal myocardial
infarction negatively associated with olive oil consumption: a case-control study
in Spain. Int J Epidemiol 31: 474–480.
21. Kontogianni MD, Panagiotakos DB, Chrysohoou C, Pitsavos C, Zampelas A,
et al. (2007) The impact of olive oil consumption pattern on the risk of acute
coronary syndromes: The CARDIO2000 case-control study. Clin Cardiol 30:
125–129.
22. Barzi F, Woodward M, Marfisi RM, Tavazzi L, Valagussa F, et al. (2003)
Mediterranean diet and all-causes mortality after myocardial infarction: results
from the GISSI-Prevenzione trial. Eur J Clin Nutr 57: 604–611.
23. Hu FB, Willett WC (2002) Optimal diets for prevention of coronary heart
disease. JAMA 288: 2569–2578.
24. Belmaker RH, Agam G (2008) Major depressive disorder. N Engl J Med 358:
55–68.
25. Silvers KM, Woolley CC, Hamilton FC, Watts PM, Watson RA (2005)
Randomised double-blind placebo-controlled trial of fish oil in the treatment of
depression. Prostaglandins Leukot Essent Fatty Acids 72: 211–218.
26. Logan AC (2005) Omega-3 and depression research: hold the olive oil.
Prostaglandins Leukot Essent Fatty Acids 72: 441.
27. Assies J, Pouwer F, Lok A, Mocking RJ, Bockting CL, et al. (2010) Plasma and
Erythrocyte Fatty Acid Patterns in Patients with Recurrent Depression: A
Matched Case-Control Study. PLoS One 5: e10635.
28. Kyrozis A, Psaltopoulou T, Stathopoulos P, Trichopoulos D, Vassilopoulos D,
et al. (2009) Dietary lipids and geriatric depression scale score among elders: The
EPIC-Greece cohort. J Psychiatr Res 43: 763–769.
29. Wolfe AR, Ogbonna EM, Lim S, Li Y, Zhang J (2009) Dietary linoleic and oleic
fatty acids in relation to severe depressed mood: 10 years follow-up of a national
cohort. Prog Neuropsychopharmacol Biol Psychiatry 33: 972–977.
30. Martı ´nez-Gonza ´lez MA, Sanchez-Villegas A, De Irala J, Marti A, Martı ´nez JA
(2002) Mediterranean diet and stroke: objectives and design of the SUN project.
Seguimiento Universidad de Navarra. Nutr Neurosci 5: 65–73.
Fat Intake and Depression
PLoS ONE | www.plosone.org 6 January 2011 | Volume 6 | Issue 1 | e1626831. Seguı ´-Go ´mez M, de la Fuente C, Va ´zquez Z, de Irala J, Martı ´nez-Gonza ´lez MA
(2006) Cohort profile: the ‘Seguimiento Universidad de Navarra’ (SUN) study.
Int J Epidemiol 35: 1417–1422.
32. de la Fuente-Arrillaga C, Va ´zquez Z, Bes-Rastrollo M, Sampson L, Martı ´nez-
Gonza ´lez MA (2010) Reproducibility of a Food Frequency Questionnaire (FFQ)
validated in Spain. Public Health Nutr 13: 1364–1372.
33. Ferna ´ndez-Ballart JD, Pin ˜ol JL, Zazpe I, Corella D, Carrasco P, et al. (2010)
Relative validity of a semi-quantitative food-frequency questionnaire in an
elderly Mediterranean population of Spain. Br J Nutr 103: 1808–1816.
34. Willett WC, Howe GR, Kushi LH (1997) Adjustment for total energy intake in
epidemiologic studies. Am J Clin Nutr 65(4 Suppl): 1220–1228S.
35. Kiecolt-Glaser JK, Belury MA, Porter K, Beversdorf DQ, Lemeshow S, et al.
(2007) Depressive symptoms, omega-6:omega-3 fatty acids, and inflammation in
older adults. Psychosom Med 69: 217–224.
36. Sanchez-Villegas A, Schlatter J, Ortuno F, Lahortiga F, Pla J, et al. (2008)
Validity of a self-reported diagnosis of depression among participants in a cohort
study using the Structured Clinical Interview for DSM-IV (SCID-I). BMC
Psychiatry 8: 43.
37. Martı ´nez-Gonza ´lez MA, Lo ´pez-Fontana C, Varo JJ, Sa ´nchez-Villegas A,
Martinez JA (2005) Validation of the Spanish version of the physical activity
questionnaire used in the Nurses’ Health Study and the Health Professionals’
Follow-up Study. Public Health Nutr 8: 920–927.
38. Trichopoulou A, Costacou T, Bamia C, Trichopoulos D (2003) Adherence to a
Mediterranean diet and survival in a Greek population. N Engl J Med 348:
2599–2608.
39. Kom EL, Graubard BI, Midthune D (1997) Time-to-Event Analysis of
Longitudinal Follow-up of a Survey: Choice of the Time-scale. Am J Epidemiol
145: 72–80.
40. Bremmer MA, Beekman AT, Deeg DJ, Penninx BW, Dik MG, et al. (2008)
Inflammatory markers in late-life depression: results from a population based
study. J Affect Disord 106: 249–255.
41. Gimeno D, Kivima ¨ki M, Brunner EJ, Elovainio M, De Vogli R, et al. (2009)
Associations of C-reactive protein and interleukin-6 with cognitive symptoms of
depression: 12-year follow-up of the Whitehall II study. Psychol Med 39:
413–423.
42. Hayley S, Poulter MO, Merali Z, Anisman H (2005) The pathogenesis of clinical
depression: stressor- and cytokine-induced alterations of neuroplasticity.
Neuroscience 135: 659–678.
43. Anisman H (2009) Cascading effects of stressors and inflammatory immune
system activation: implications for major depressive disorder. J Psychiatry
Neurosci 34: 4–20.
44. Karege F, Vaudan G, Schwald M, Perroud N, La Harpe R (2005) Neurotrophin
levels in postmortem brains of suicide victims and the effects of antemortem
diagnosis and psychotropic drugs. Brain Res Mol Brain Res 136: 29–37.
45. Guo S, Kim WJ, Lok J, Lee SR, Besancon E, et al. (2008) Neuroprotection via
matrix-trophic coupling between cerebral endothelial cells and neurons. Proc
Natl Acad Sci USA 105: 7582–7587.
46. Vaccarino V, Johnson BD, Sheps DS, Reis SE, Kelsey SF, et al. (2007)
Depression, inflammation, and incident cardiovascular disease in women with
suspected coronary ischemia: the National Heart, Lung, and Blood Institute–
sponsored WISE study. J Am Coll Cardiol 50: 2044–2050.
47. Glassman AH (2007) Depression and cardiovascular comorbidity. Dialogues
Clin Neurosci 9: 9–17.
48. Mozaffarian D, Aro A, Willett WC (2009) Health effects of trans-fatty acids:
experimental and observational evidence. Eur J Clin Nutr 63(Suppl 2): 5–21S.
49. Uauy R, Aro A, Clarke R, Ghafoorunissa, L’Abbe MR, et al. (2009) WHO
Scientific Update on trans fatty acids: summary and conclusions. Eur J Clin Nutr
63(Suppl 2): 68–75S.
50. Wagner JA, Tennen H, Mansoor GA, Abbott G (2006) History of major
depressive disorder and endothelial function in postmenopausal women.
Psychosom Med 68: 80–86.
51. Nakahashi T, Fujimura H, Altar CA, Li J, Kambayashi J, et al. (2000) Vascular
endothelial cells synthesize and secrete brain-derived neurotrophic factor. FEBS
Lett 470: 113–117.
52. Mozaffarian D, Katan MB, Ascherio A, Stampfer MJ, Willett WC (2006) Trans
Fatty Acids and Cardiovascular Disease. N Engl J Med 354: 1601–1613.
53. Oh K, Hu FB, Manson JE, Stampfer MJ, Willett WC (2005) Dietary fat intake
and risk of coronary heart disease in women: 20 years of follow-up of the nurses’
health study. Am J Epidemiol 161: 672–679.
54. Stender S, Dyerberg J, Astrup A (2006) High levels of industrially produced trans
fat in popular fast foods. N Engl J Med 354: 1650–1652.
55. Waterman E, Lockwood B (2007) Active components and clinical applications of
olive oil. Altern Med Rev 12: 331–342.
56. Estruch R, Martı ´nez-Gonza ´lez MA, Corella D, Basora-Gallisa ´J ,R u i z -
Gutie ´rrez V, et al. (2006) Effects of a Mediterranean-style diet on cardiovascular
risk factors: a randomized trial. Ann Intern Med 145: 1–11.
57. Salas-Salvado ´ J, Garcia-Arellano A, Estruch R, Marquez-Sandoval F, Corella D,
et al. (2008) Components of the Mediterranean-type food pattern and serum
inflammatory markers among patients at high risk for cardiovascular disease.
Eur J Clin Nutr 62: 651–659.
58. Mena MP, Sacanella E, Vazquez-Agell M, Morales M, Fito ´ M, et al. (2009)
Inhibition of circulating immune cell activation: a molecular antiinflammatory
effect of the Mediterranean diet. Am J Clin Nutr 89: 248–256.
59. Di Benedetto R, Varı ` R, Scazzocchio B, Filesi C, Santangelo C, Giovannini C,
et al. (2007) Tyrosol, the major extra virgin olive oil compound, restored
intracellular antioxidant defences in spite of its weak antioxidative effectiveness.
Nutr Metab Cardiovasc Dis 17: 535–545.
60. Bilici M, Efe H, Ko ¨rog ˇlu MA, Uydu HA, Bekarog ˇlu M, et al. (2001)
Antioxidative enzyme activities and lipid peroxidation in major depression:
alterations by antidepressant treatments. J Affect Disord 64: 43–51.
61. Puri BK, Richardson AJ, Stoll AL, Marangell L, Severus WE (2000) The effects of
olive oil on omega-3 fatty acids and mood disorders. ArchGen Psychiatry 57: 715.
62. Jerome S, Niikee S, David JK (2009) Major depressive disorder and nutritional
medicine: a review of monotherapies and adjuvant treatments. Nutr Rev 67:
125–131.
63. Appleton KM, Gunnell D, Peters TJ, Ness AR, Kessler D, et al. (2008) No clear
evidence of an association between plasma concentrations of n-3 long-chain
polyunsaturated fatty acids and depressed mood in a non-clinical population.
Prostaglandins Leukot Essent Fatty Acids 78: 337–342.
64. Rogers PJ, Appleton KM, Kessler D, Peters TJ, Gunnell D, et al. (2008) No
effect of n-3 long-chain polyunsaturated fatty acid (EPA and DHA)
supplementation on depressed mood and cognitive function: a randomised
controlled trial. Br J Nutr 99: 421–431.
65. Greenland S, Lash TL (2008) Bias analysis. In: Rothman KJ, Greenland S,
Lash TL, eds. Modern Epidemiology 3rd ed. Philadelphia, PA: Lippincott
Williams and Wilkins. 359 p.
Fat Intake and Depression
PLoS ONE | www.plosone.org 7 January 2011 | Volume 6 | Issue 1 | e16268